Background. Identification of the causative pathogen may be challenging in culture negative infective endocarditis (IE).
Morbidity and mortality of children with congenital heart disease (CHD) have significantly decreased in the past 3 decades [1] [2] [3] [4] . Nevertheless, these patients remain at high risk for developing infective endocarditis (IE). CHD now constitutes the predominant risk factor for IE, since rheumatic valvular heart disease has almost disappeared from industrialized countries [1] [2] [3] [4] [5] [6] [7] . Recent studies report annual incidences of IE ranging from .36% to .6% [4, 8] in CHD children or a cumulative incidence of 1%-6% 10 years after cardiac surgery [9] . Moreover, implanted foreign material has clearly been identified as a risk factor for IE [4, 7, 8] .
Gram positive bacteria are the main causative pathogens responsible for .80% of postoperative IE episodes in CHD children [1, 8, 10, 11] . Less commonly,
Gram negative bacteria and fungi may be involved. Identification of the causative organism is mandatory to allow appropriate antibiotic therapy [2, 12] . However, 5%-10% of the pediatric or adult patients with IE diagnosis according to defined criteria [13] will have persistently sterile blood cultures even without previous antibiotic therapy [5-8, 11, 14-16] . Over the last 2 decades, improvements in the microbiological diagnostic methods has led to a better understanding of blood culture negative IE, emphasizing the role played by fastidious bacteria, intracellular uncommon pathogens, and opportunistic fungi [15] [16] [17] [18] [19] [20] . So, workup of patients with suspected IE and persistently sterile blood cultures could include the use of enriched culture media, prolonged incubation, lysis-centrifugation system, specific serological tests, DNA detection on excised valves or systemic emboli and finally new tissue cell cultures and histological examination of the removed valve or vegetation [11, 14, 15, 17] . Usually, virus detection is not part of the diagnosis workup of patients with endocarditis. Viral IE has been described in animal models but never demonstrated in human beings [5, [21] [22] [23] .
Enteroviruses, particularly Coxsackie viruses, are known for their cardiac tropism, but so far, only cases of myocarditis or pericarditis have been reported [24, 25] . We report here the first description of a probable viral endocarditis in a young infant with Down syndrome, after a corrective surgery for a complete atrioventricular septal defect (CAVD).
CASE REPORT
A 4 month-old 21-trisomic boy was admitted in our 168-bed teaching hospital for corrective surgery of CAVD. He underwent a complete cure of his cardiac malformation by ''double patches method'' (goretex patch closing the large ventricular septal defect and autologous pericardial patch closing ostium secundum). The patient's clinical evolution is summarized in Figure 1 . In the early postoperative period he presented a Parainfluenza respiratory infection with pleural effusion. The patient was discharged on day 23, with a very small residual ventricular septal defect (VSD) at the patch insertion site and a trivial mitral regurgitation. Back home, he again presented symptoms of respiratory distress with subpyrexia. Fever never rose above 37.8°C, but respiratory symptoms worsened, despite medical treatment including oral amoxicillin. The patient was admitted to another hospital where physical examination revealed a 2-3/6 grade systolic murmur. His hemoglobin level was 11 g/dL, white blood cell count (WBC) 14,720 cells/mm3, and C-reactive protein (CRP) 4 mg/dL. Chest X-ray was normal. Antibiotic therapy was discontinued at hospital admission, and the one blood culture done thereafter remained negative after 7 days. Echocardiography showed the presence of VSD with significant bidirectional shunt. The patient was transferred to our hospital where the diagnosis of partial dehiscence (partial sutures breakdown) of the prosthetic patch was confirmed. On second surgery, an additional patch was inserted to close the 6-mm interventricular orifice. Unusual fibrin deposits just next to the patch defect were noticed. A fragment was sent for bacterial culture. Blood cultures were also drawn but after administration of surgical antibiotic prophylaxis. Considering IE as a potential cause of this prosthetic dehiscence, the patient was started on empirical ampicillin, oxacillin, and gentamicin treatment. Antibiotic therapy was discontinued after 1 week, as criteria for IE were not met. Postoperative course was uneventful, and the patient was sent home with normal cardiac auscultation and no residual VSD. Two weeks later, the child was readmitted with signs and symptoms of severe heart failure associated with a 2/6 grade systolic murmur. No fever was reported, but a discrete macular rash was noticed on the chest wall. Erythrocyte sedimentation rate was 7 mm/h, WBC 17,600 cells/mm3, hemoglobin level 11.3 g/dL, and CRP 1 mg/dL. Streptoccocus viridans grew from 1 peripheral blood culture drawn in the emergency room (ER). Echocardiography and cardiac catheterization showed the presence of a new patch dehiscence next to the atrioventricular valves, causing intracardiac shunt with significant pulmonary hypertension. A third surgical intervention was then planned. Three blood cultures were drawn, and blood samples were taken for serological and molecular testing. Empirical therapy was started thereafter with ciprofloxacin, vancomycin, gentamicin, and fluconazole. Family interview revealed Figure 1 . Flow chart illustrating patient's medical evolution. *Defined according to the modified Duke criteria [13] . CAVD, cardiac atrioventricular septal defect; IE, infective endocarditis; amp, ampicillin; oxa, oxacillin; genta, gentamicin; vanco, vancomycin; fluco, fluconazole; Caspo, caspofungin; cip, ciprofloxacin; clar, clarithromycin; IVIG, intravenous immune globulins.
a diarrhea episode in the 5 year-old brother the week before. The infant's clinical status worsened rapidly. Upon intervention, cardiac surgeons observed a 1-cm vegetation at the junction between interauricular and interventricular patches. Presumably infected tissues were removed and sent for analysis, together with the prosthetic ventricular patch and a part of the interauricular patch, both replaced by a unique ovalar goretex patch. Heart failure persisted several days after surgery. Invasive ventilation and inotropic support were required during 4 and 6 days, respectively. As bacterial and fungal cultures (of removed tissues and blood) remained negative after 7 days, antimicrobials were discontinued except ciprofloxacin, for covering possible atypical intracellular bacteria. As shown in Figure 2 , histological examination of the removed tissues was compatible with a subacute IE, but no pathogen was demonstrated, neither with classical, nor with specific stains (Twort, Periodic Acid Shift, Grocott, and Machiavello). Mycoplasma pneumoniae and Chlamydophila pneumoniae polymerase chain reaction (PCR) on blood and removed patch, as well as serum galactomannan-antigen were negative. Mycobacterial culture and M. tuberculosis PCR on the removed vegetation were also negative. After 5.5 days of incubation (day 6 after third surgery), enterovirus grew convincingly on a LLC-MK2 cell line culture of a heart tissues (patch1vegetation) fragment. Actively growing viruses with typical cytopathic effect were observed on the whole surface of the tissue cell culture. Virological workup is detailed and referenced in Table 1 . Enterovirus identification was confirmed by immunofluorescence assay using monoclonal antibodies. Additionally, enteroviral RNA was detected by real-time reversetranscription PCR (RT-PCR) assay on 2 fragments of the removed material (Table 1a) . Coxsackie B2 identification was obtained by viral RNA sequencing. VP1 sequence of the isolated virus was related (with 96% of sequence identity) to 3 other Coxsackie strains isolated recently from patients with severe myocarditis in Belgium and France. Finally, PCR detection of enteroviral RNA and viral cultures were also positive on respiratory and stool samples of the child, indicating a disseminated infection. After reception of culture results, our patient was treated with intravenous human immune globulins (IVIG) (2 g/ kg divided in 2 days). His clinical condition slowly improved, and ciprofloxacin was stopped after 2 weeks, as serological testing for culture negative endocarditis (Coxiella burnetti and various Bartonella species (B. Henselae, B. Marseille, B. Quintana, B. Elisabethae, B. vinsonii Berkhoffi, B. vinsonii Arupensis, B. Weissi, B. Kholerae, B. Alsatica), performed at National Rickettsiae Centre, Marseilles, France) was negative. Repeated echocardiography showed a small residual VSD (,2 mm) without noticeable shunt, and the patient was discharged 18 days after third surgery. Ten weeks later, he was readmitted again for the same clinical, echographic, and surgical pictures. This time, a moderate pericardial effusion and an intracardiac false aneurysm were also noted. Extensive microbiological and anatomopathological workup did not allow the identification of any microbe or new etiology. No enterovirus could be detected from removed cardiac material, (Table 1b) . Therefore, considering the possibility of a dysfunction in patient's humoral immunity (despite normal basic immunologic investigations), high doses of IVIG were administered during 2 weeks (0.4 g/kg twice a week). Postoperative period was complicated by the presence of a complete atrio-ventricular bloc, so that an external pacemaker had to be implanted. The patient was discharged after 1 month of ciprofloxacin combined with clarithromycin prescribed for a total of 3 months, as atypical bacterial coinfection could not be formally excluded. Twenty months later, the infant's clinical evolution is still satisfactory.
DISCUSSION
To our knowledge, this is the first reported case of a cardiac prosthetic material infection caused by a virus (coxsackie B2) in humans. Viruses are considered as ''potential but never demonstrated'' causative pathogens for IE in human beings [5, 11] . Coxsackieviruses have been shown to induce experimentally subacute, acute, or chronic endocarditis in mice and cynomologus monkeys [21, 22] . Simultaneously, myocardial and pericardial lesions were also observed. Two other reports suggest the potential role of adenovirus in IE in mice and of CMV in a child, but in the latter case, bacteria were also recovered from endocardial cultures [5, 23] . The diagnosis of viral endocarditis in our patient was supported by many arguments. First, our patient fulfilled validated modified Dukes criteria of definite IE [12, 13] . Clinical history would have classified IE as possible (with 1 major and 1 minor criteria), but pathological criteria were met after the third surgical intervention so that diagnosis of IE was established. Second, 3 blood cultures drawn aseptically, from various anatomical sites before third surgical intervention, remained sterile despite prolonged incubation period (21 days) while no antibiotics had been administered, which has a 90% sensitivity for detecting pyogenic bacteria-related IE [11, 16] . Streptococcus viridans recovered from 1 single blood culture drawn 3 days before in ER from an afebrile infant without indwelling devices was reasonably discarded as a contaminant. Moreover, time to culture positivity was 60 h, which has been shown to discriminate between contaminants and true pathogens in large pediatric studies [26, 27] . Extensive microbiological workup did not show any other causative organism: bacterial and fungal cultures of the removed patch and vegetation, bacterial serologies, PCR DNA detection of M. pneumoniae and C. pneumoniae on blood/material, tissue cell cultures, and histological specific colorations were all negative and rendered unlikely an associated bacterial or fungal etiology. Use of broad bacterial DNA PCR is promising for the management of culture negative IE and could have been helpful in our case [15, 28] . Unfortunately, this method is not yet validated for routine use, especially on cardiac specimen. Third, clinical subacute presentation (over 2 months) in the absence of fever and inflammatory syndrome was very suggestive of atypical causative organisms, such as intracellular bacteria or viruses. Erythrocyte sedimentation rate has always remained normal in our patient, although it is elevated in .90% of IE [5, 7] . Nevertheless, this noninflammatory profile is compatible with severe disseminated enteroviral diseases, as described in neonates [29] [30] [31] . Fourth, histological findings were also consistent with a subacute evolution and were quite similar to those observed in mice with coxsackie B2 IE [21, 23] . Fifth, the presence of coxsackievirus was demonstrated on 2 distinct fragments of the removed cardiac tissues by 2 different methods (culture and PCR). The samples were processed separately and following good laboratory practice to avoid cross-contamination (see Table 1a ). Note also that no other enterovirus positive samples were detected in the laboratory on the same day and the day before. Moreover, the presence of an enterovirus causing a disseminated infection in this infant was sustained by positive PCR and cultures on stools and nasopharyngeal aspirate. The hypothesis of a benign enteroviral infection coincidental to the IE episode and causing enterovirus contamination of cardiac specimens was considered but discarded. Indeed, cardiac samples were pretreated to eliminate blood contamination following an efficient standardized procedure [32] . Moreover, the rapid and active viral growth on classical cell culture, where this technique tends to be of low sensitivity (30%) for cerebrospinal fluids or cardiac biopsies [33, 34] , suggests that the virus was present locally in the tissue as an infecting agent. Unfortunately, no electronic microscopy to assess the presence of viral inclusions was performed on endocardial tissues [35] . Considering the aforementioned arguments and the biologic plausibility demonstrated by animal models, we think that the diagnosis of viral IE should be considered in pediatric cases of welldocumented culture negative endocarditis, particularly in the presence of subacute clinical picture and during an epidemic period. Viral potential role in priming bacterial pediatric IE could also be considered.
The clinical presentation of the child's disease was particularly uncommon. Although enteroviruses, and especially coxsackieviruses, have a known cardiotropism and are responsible for at least 35% of pediatric myocarditis [11, 30] , our patient curiously presented no clinical, biological, echographical, or electrocardiographical signs of associated myocarditis. This absence of myocarditis was all the more surprising that the recovered coxsackievirus seemed highly aggressive, causing extensive infection of the endocardial tissue with recurrent destruction of prosthetic patch sutures and rapid growth with marked cell destruction on the tissue cell-line cultures. Even the diagnosis of IE was initially not obvious as signs and symptoms were not clearly suggestive of an infectious episode but were exclusively ascribed to the prosthetic patch dehiscence with subsequent pulmonary hypertension and heart failure. Moreover, patch dehiscence was the only abnormality found on repeated echocardiographies; valvular vegetations were never visible, despite trans-thoracic and trans-oesophageal examinations performed by highly experienced cardiologists.
CONCLUSION
Although enteroviruses are known agents of myocarditis in children, their ability to induce isolated IE has only been described in animal models. So far, the exact role played by viruses in IE with persistently sterile blood cultures is unknown. This case is the first description in humans of IE with a probable viral etiology. We suggest that a viral etiology should be considered in pediatric cases of culture negative IE after all known etiologies have been ruled out.
